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Only five (5) of the six (6) questions in this examination paper need to 
be answered. Each is of equal marks. 


Start each question on a new page. Identify clearly which question you 
are answering. 


Question 1 (20 marks) 


Question | is composed of 15 multiple choice questions. All parts should be completed and the 


answers transferred to your Answer book. 


1 A daughter can inherit and display a sex-linked recessive disorder if: 


. Only her mother is affected with the disorder and her father is unaffected 

. Only her father is hemizygous for the disorder and her mother is homozygous unaffected 
. Only her father is a carrier of the disorder and her mother is homozygous unaffected 

. Her mother is a carrier and her father has the disorder 


aqg0 et 


2. Geneticists can construct linkage maps of chromosomes by: 


a. Determining the number of crossovers between genes on different chromosomes 
b. Calculating the recombination rate between series of linked genes 

c. Observing the number of genes on a chromosome 

d. Observing environmental factors that cause a condition 


a: A man who is deaf due to homozygosity for a recessive deafness allele on chromosome 17 
marries a woman who is also deaf. She is homozygous for a recessive allele on chromosome 
3. Based on this information, the probability that any of their children will be deaf is closest 


to: 


. 100% 
. 15% 
. 50% 
. 25% 
e. 0% 


aadT® 


4, Disease alleles such as the one causing cystic fibrosis should eventually be lost from a 


population due to selection, but are not, because 


a. The relative fitness of most disease alleles is very high 
b. New mutations counterbalance the effect of selection 

c. Most disease alleles aren’t expressed until adulthood 

d. Heterozygotes sometimes have a selective advantage over the homozygotes 
e. Both b and d are correct. 


Question I is continued on the next page 
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In snoogers, curly hair (C) is dominant over straight hair, red eyes (R) are dominant over white 
eyes and blue lips (B) are dominant over pink lips. Assuming that these genes assort 
independently, in a cross between a homozygous dominant individual and a homozygous 
recessive individual what proportion of the 20 offspring produced would be heterozygous for 
all three traits? 


“0 

aQ2 
. 0.50 
» 0.75 
. 1.00 


ono Ff 


The transcribed mRNA strand that would correspond to the DNA strand below is 


DNA 5’ GTTGCAATACCAT 3’ 


a. 5’ CAACGAAUTGGUA 3’ 
b. 5’ CAACGUUAUGGUA 3’ 
c. 3’ CAACGUUAUGGUA 5’ 
d. 3’ CAACGTTATGGTA 5’ 


DNA fingerprinting can be used 


a. To confirm parentage of thoroughbred race horses 
b. To identify passengers from a plane disaster 

c. To rule out possible rape suspects 

d. is useful in all three scenarios 


A single base pair substitution in the coding region of a gene can cause 


a. a change in a single amino acid of the gene product (missense mutation) 
b. a change in the reading frame (frameshift mutation) 

c. premature termination of protein synthesis (nonsense mutation) 

d. (a) or (c) 


Restriction endonucleases (enzymes) are natural 


a. Bacterial enzymes used to protect the bacterium 

b. Gene products from cloned human genes inserted into bacteria 
c. Products of infecting bacteriophage 

d. Enzymes found in E. coli only 


Question I is continued on the next page 
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One way to determine the influence of environment on a given genotype - phenotype 
relationship would be to 


a. Put genetically identical organisms into different environments and observe the 
phenotypic reaction. 

b. Observe several different phenotypes in the one environment 

. Observe how many different genotypes there are for a particular phenotype 

d. Remove a variety of organisms from their natural habitats and keep them together in one 
environment 


QO 


In a particular population a rare recessive disease is found in 2 of 24,000 individuals studied. 


What is the estimated frequency of carriers of this disease? (work to 3 to 4 decimal places) 


a. 0.009 
b. 0.018 
c. 0.0002 
d. 0.991 


Introns represent sequences of DNA that are 


a. Part of a gene’s promoter region 
b. Never transcribed 

c. Parts of the mature mRNA 

d. Never translated 


In humans the haploid number is 


a. 46 
b. 44 
ce: 23 
d. 22 
e. 2 


The type of cell division that allows the maintenance of a plant’s body is 


a. Mitosis 

b. Gametogenesis 
c. Meiosis 

d. Replication 


A polyploid organism has 


a. One extra sex chromosome 

b. One or more extra complete sets of chromosomes 

c. One less than the normal diploid chromosome number 
d. One extra chromosome 
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Question 2 (20 marks) 


A) 


B) 


Refer to the following pedigree. The trait in this family is caused by a mutation in Gene B. 


TB @ Affected individuals 


Il [] 0 0 C] O Unaffected individuals 


Il 


(1) Write in your answer book how the disorder is most likely inherited (2 marks) 


(2) Give at least 2 reasons for this decision (3 marks) 


(3) From your answer in (1) what are the genotypes of individuals I-2 (**) and II-4 (#)? (2 
marks) 


(4) If the individual II-4 marries a person with the same genotype and phenotype as their 
grandmother, what are the possible genotypes and phenotypes of their children? (4 marks) 


It has been found that the condition referred to in part (A) is due to a nonsense mutation in 
exon one of the protein gene. 


(1) Describe what is meant by a nonsense mutation and how it affects this protein product. (4 
marks) 


(2) Using the mRNA translation table on the back page, identify all the possible codons that 
could be involved here if the amino acid interfered with is cysteine. (3 marks) 


(3) Instead of a nonsense mutation always being involved in this disorder, sometimes it is due 
to a mutation where a G is replaced by a U. Identify the amino acid that would replace the 
cysteine. How is this type of mutation referred to? (2 marks) 


Question 3 (20 marks) 
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(A) Both Column A and Column B relate to the same four (4) processes. 


Column A comment 


Column B result 


A It occurs in the cytoplasm and involves two The result is that the phenotype and genotype 
types of RNA. frequencies are maintained. 
B Many commercial plants are derived from The result is that the entire genome set is 


this abnormality. 


halved. 


Cc An essential life function for the survival of 


many species. 


The result is that specific amino acids are linked 


to form a protein molecule. 


D Within a very large population it is as 


necessary as no migration or mutation. 


The result is that the entire genome set is 


multiplied. 


(1) There are four process described in this table. Find the comment in Column A (letters) that 
matches the result in Column B (numbers) of the process. Write the paired letter / number 
combinations in your answer book and name the processes. (8 marks) 


(2) Discuss in more detail the process identified for the comment C including its implication to an 
organism. Diagrams may be used to help your discussion. (6 marks) 


(B) A person can be born with a condition known as Down’s syndrome. Describe how this may 
happen, the chromosome involved and the implications to this person including any influence 


on gender and fertility. (6 marks) 


Question 4 (20 marks) 


(A) The Old Order Amish of Lancaster, Pennsylvania have more cases of polydactyly (extra fingers 
and toes) than the rest of the world combined. All of the affected individuals descend from the 
same person in whom the dominant mutation originated. Does this illustrate a population 
bottleneck, a founder effect or natural selection? Use your understanding of these concepts to 


explain your answer. (8 marks) 


(B) Red hair (due to an autosomal recessive allele r) is found in approximately 4 % of the people in 
Norway. To have any other colour that is non-red hair, the individual must have an R allele. 
The Norwegian population is in Hardy-Weinberg equilibrium with respect to hair colour. 


1. What are the frequencies of the red hair (7) and non-red hair (R) alleles? (3 marks) 


2. What is the expected frequency of the heterozygotes in this population? (2 marks) 


3. Identify all possible marriages with respect to the genotypes of the people involved that 
could potentially have a child with red hair. (4 marks) 


4. What proportion of all marriages are those you identified in (3) that could have a child with 


red hair? (3 marks) 
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Question 5 (20 marks) 


(A) Lydia and Reggie grew up poor in New York City in the 1960’s. Both went for free to the City 


(B) 


University of New York, then to medical school in Boston where they met. Today each has a 
thriving medical practice and they are the parents of 18 year old Jamal and 20 year old Tanya. 
Jamal taking a genetics class wonders why he and Tanya do not resemble each other and their 
parents for some traits. The family is African-American. Lydia and Reggie are considered 
short for their gender, 155 cm and 168 cm tall respectively and each has medium brown eyes 
and skin tones with dark brown hair. Tanya and Jamal are 170 cm and 183 cm tall respectively 
and were often in the highest height percentiles since they were toddlers. Jamal has very dark 
skin tones, darker than his parents and has medium brown eyes while Tanya’s skin is noticeably 
lighter than that of either parent. Tanya’s eyes are so dark they appear almost black. 


1. Why do Tanya’s eyes appear darker than those of her parents or Jamal? (2 marks) 
2. How can Jamal’s skin be darker than that of his parent’s and Tanya’s be lighter? (2 marks) 


3. Which of the four traits described here is most influenced by environmental factors? Why? 
(2 marks) 


4. What is the evidence that Jamal and Tanya’s height is due to environmental and genetic 
factors? (2 marks) 


5. Would it be possible to predict the height and skin tones of any children of Jamal or Tanya? 
Why? (2 marks) 


In a strain of mice that carry a recessive allele which results in a short tail instead of a long one, 
some were observed to have an uneven walk. On closer examination, this was found to be due 
to the left hind leg being shorter. Breeding experiments were conducted to determine the 
inheritance pattern of this new trait. 


From a cross of male mice homozygous for long tails and even walk to female mice 
homozygous for short tails and uneven walk, the F; offspring showed long tails and uneven 
walk. Reciprocal crosses (for sex) were performed and the offspring showed the same 
phenotypes. A testcross was then performed using these F; mice and the results were as 
follows: 


Long tail Short tail Long tail Short tail 
Uneven walk Uneven walk Even walk Even walk 
128 131 142 159 


1. How is the uneven walk inherited? (2 marks) 


2. Diagram both crosses, the original and the testcross, showing all phenotypes, genotypes and 


gametes of any mice that were parents. (3 marks) 


Question 5 is continued on the next page. 
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3. Performa YM analysis to test the hypothesis that the two loci assort independently. (3 marks) 


‘es table of critical values for P= 0.05 


df value 
1 3.84 
2 5.99 
3 7.82 


4. What can you conclude about the location of the two loci with respect to the chromosome(s) 
they reside on? (2 marks) 


Question 6 (20 marks) 


Ellie Maxwell’s nephews Caden and Jaden Cicero were large at birth — each twin weighed close to 
3.6kg (8 pounds). This wasn’t surprising as their father (Jerry) is a weight lifter and construction 
worker and had large muscles from childhood. By their second well-baby checkup (at 6 months) the 
boy’s muscles looked so oversized that the pediatrician ordered a genetic test for a mutation in the 
myostatin gene, carried on chromosome 2. Mutations that disable this gene are responsible for 
“double muscling” in various other organisms like mice, dogs, chickens and beef cattle. Ellie, Jill and 
Dan’s maternal grandfather, Bill, was an Olympic weight lifter with very pronounced muscles from an 


early age. 


The investigation also revealed that they have another subtler condition which contributes to their 
overall problem. This is erythrocytosis. Their mother Jill inherited from her father Philip a dominant 
mutation in a gene on chromosome 19 that causes erythrocytosis. Her older sister Ellie and younger 
brother Dan did not inherit it so they are just like their mother May (who has an average build). Both 
Jill and her father’s blood and her uncle Craig’s has too little erythropoietin (EPO) which is a 
hormone that stimulates bone marrow to release more progenitor cells that can differentiate into red 
blood cells. Craig is Philip’s younger brother. The deficit exists in this family because their bodies 
use the hormone as soon as it is synthesised, much more rapidly than other people. Under oxygen- 
poor conditions secretion of EPO stimulates red blood cell production increasing oxygen flow to 


muscles and other tissue. 


1. Draw a pedigree of this extended family naming everyone mentioned and clearly identifying 
their phenotypes with respect to both of the traits. (5 marks) 


2. What can you deduce about the phenotype of Philip and Craig’s parents with respect to these 
two traits? (2 marks) 


3. How is double muscling inherited? (2 marks) 


4. Assume there are only two alleles for each gene segregating in this family. Allocate allele 
symbols to both alleles for both traits. Superimpose on your pedigree the genotypes of 
everyone indicating with dashes any place where you may be unsure about the allele present. 
(5 marks) 

Question 6 is continued on the next page 
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. Caden and Jaden’s cousin Rod (dad Dan) learns about the erythrocytosis in the family and 
becomes very excited because he excels in distance running and has hopes of getting an 
athletic scholarship. Could he have inherited the condition if his mum, Naomi, doesn’t have 
it? Why? (2 marks) 


. Can you deduce if Caden and Jaden are monozygotic (identical) twins or dizygotic (fraternal) 
twins? Explain how you determined you answer. (1 mark) 


. Jaden later marries Nancy who comes from an extended family that has no connection to 
erythrocytosis or double muscling. What is her likely genotype with respect to these two 


traits? (1 mark) 


. What are the probabilities of any of Jaden and Nancy’s children having erythrocytosis or 
double muscling or both? (2 marks) 


The Universal Genetic code is on the next page 
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The Universal Genetic Code 


Second ribonucleotide 


er (ea eee ee 


nucleo- 


tide 


Alanine Leucine 
Arginine Lysine 
Asparagine Methionine 


Aspartate (Aspartic Phenylalanine 
acid) 


Cysteine Proline 


Glutamate E Serine 
(Glutamic acid) 


Glutamine Threonine 
Glycine Tryptophan 
Histidine i Tyrosine 


Isoleucine Valine 


This is the end of the paper 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 
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